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Abstract 
During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 
This paper presents a study aiming at characterizing the fatigue crack growth behaviour of the 6082-T6 aluminium alloy using 
standard CT specimens. The fatigue crack growth threshold is also characterized according to the ASTM E 647 standard. Besides 
the standard CT specimens with sharp notches, specimens with initial circular notches were also fatigue tested. The threshold stress 
intensity factor ranges, ΔKth, are compared for the distinct notches under study. The fatigue crack propagation rate in the regime II 
are obtained using the Paris law. A comparison is made between the CT specimens geometries with distinct notches under 
consideration. The ΔKth values for the geometry of standard CT specimens present lower values when compared with the geometry 
of the CT specimens with blunted notches. 
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1. Introduction 
The characterization of the fatigue rack propagation rates in metallic materials and aluminum alloys is of high 
importance. More importantly, the fatigue crack growth rates and threshold values of the stress intensity factor ranges 
for distinct notches are of primordial importance. Generally the structural details have different geometries, then it 
becomes necessary to study the fatigue crack growth covering such geometric configurations. 
The current study aims at assessing the crack growth behavior of the 6082-T6 aluminium alloy using CT specimens 
with distinct notch geometries. To this end, the ASTM E 647 standard is used in order to obtain the ΔKth values and 
the properties of the fatigue crack propagation rates in the regime II, using the Paris law (Paris et al. (1963)). The 
mechanical and chemical properties for 6082-T6 aluminum alloy (Moreira et al. (2008, 2009)) are also presented. 
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Nomenclature 
a crack length, crack size 
B thickness of the CT specimen 
C material constant of the Paris law 
da/dN crack growth rates 
E Young’s modulus 
Kmax maximum applied stress intensity factor 
Kmin minimum applied stress intensity factor 
m exponent (material constant) of the Paris law 
Pmax maximum force 
Pmin minimum force 
R2 determination coefficient 
W specimen width 
α material constant for the formulation to stress intensity factor range (ASTM 647-00 standard) 
σyield yield stress 
σrupt rupture stress 
ΔK applied stress intensity factor range 
ΔKth  threshold of stress intensity factor range 
ΔP force range 
2. Material characterization 
The 6082 aluminium alloy is very common in Europe and is intended for structural applications including rod, bar 
and tube profiles. This alloy offers similar physical characteristics compared to the 6061 aluminium alloy (Moreira et 
al. (2008, 2009)). 
The 6082-T6 aluminium alloy is an extruded medium to high strength Al-Mg-Si alloy that contains manganese to 
increase ductility and toughness. The T6 condition is obtained through artificial ageing at a temperature of 
approximately 180º. 
The chemical composition for the 6082-T6 aluminium alloy is presented in the Table 1 (Moreira et al. (2008, 
2009)), which was evaluated by spectrometry using a SPECTROLAB M7 equipment. 
 
Table 1. Chemical Properties 
Element Mg Al Si Mn Fe Cu Cr Zn Ti 
Spectrolab M7 0.69 97.4 0.91 0.56 0.23 0.062 0.035 0.098 0.019 
Supplier 0.6-1.2 Remaining 0.7-1.3 0.4-1.0 0.5 0.1 0.25 0.2 0.1 
 
The mechanical properties of the 6082-T6 aluminium alloy was determined using tensile tests that were performed 
according to ASTM E8-M. Table 2 shows the mechanical properties, such as the yield, σyield, and rupture stress, σrupt, 
elongation, and the Young’s modulus, E. The stress-strain curve representative of the 6082-T6 aluminium alloy was 
generated using the mean values of the mechanical properties. Figure 1 shows the stress-strain curve from the material 
under consideration in this study. 
 
Table 2. Physical and mechanical properties of the 6082-T6 aluminium alloy. 
Density [kg/m3] σyield [MPa] σrupt [MPa] Elongation [%] E [GPa] 
2700 276.2 322.9 17.5 67.1 
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1. Introduction 
The characterization of the fatigue crack propagation rates in metallic materials and aluminum alloys is of high 
importance. More importantly, the fatigue crack growth rates and threshold values of the stress intensity factor ranges 
for distinct notches are of primordial importance. Generally the structural details have different geometries, then it 
becomes necessary to study the fatigue crack growth covering such geometric configurations. 
The current study aims at assessing the crack growth behavior of the 6082-T6 aluminium alloy using CT specimens 
with distinct notch geometries. To this end, the ASTM E 647 standard is used in order to obtain the ΔKth values and 
the properties of the fatigue crack propagation rates in the regime II, using the Paris law (Paris et al. (1963)). The 
mechanical and chemical properties for 6082-T6 aluminum alloy (Moreira et al. (2008, 2009)) are also presented. 
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Nomenclature 
a crack length, crack size 
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C material constant of the Paris law 
da/dN crack growth rates 
E Young’s modulus 
Kmax maximum applied stress intensity factor 
Kmin minimum applied stress intensity factor 
m exponent (material constant) of the Paris law 
Pmax maximum force 
Pmin minimum force 
R2 determination coefficient 
W specimen width 
α material constant for the formulation to stress intensity factor range (ASTM 647-00 standard) 
σyield yield stress 
σrupt rupture stress 
ΔK applied stress intensity factor range 
ΔKth  threshold of stress intensity factor range 
ΔP force range 
2. Material characterization 
The 6082 aluminium alloy is very common in Europe and is intended for structural applications including rod, bar 
and tube profiles. This alloy offers similar physical characteristics compared to the 6061 aluminium alloy (Moreira et 
al. (2008, 2009)). 
The 6082-T6 aluminium alloy is an extruded medium to high strength Al-Mg-Si alloy that contains manganese to 
increase ductility and toughness. The T6 condition is obtained through artificial ageing at a temperature of 
approximately 180º. 
The chemical composition for the 6082-T6 aluminium alloy is presented in the Table 1 (Moreira et al. (2008, 
2009)), which was evaluated by spectrometry using a SPECTROLAB M7 equipment. 
 
Table 1. Chemical Properties 
Element Mg Al Si Mn Fe Cu Cr Zn Ti 
Spectrolab M7 0.69 97.4 0.91 0.56 0.23 0.062 0.035 0.098 0.019 
Supplier 0.6-1.2 Remaining 0.7-1.3 0.4-1.0 0.5 0.1 0.25 0.2 0.1 
 
The mechanical properties of the 6082-T6 aluminium alloy was determined using tensile tests that were performed 
according to ASTM E8-M. Table 2 shows the mechanical properties, such as the yield, σyield, and rupture stress, σrupt, 
elongation, and the Young’s modulus, E. The stress-strain curve representative of the 6082-T6 aluminium alloy was 
generated using the mean values of the mechanical properties. Figure 1 shows the stress-strain curve from the material 
under consideration in this study. 
 
Table 2. Physical and mechanical properties of the 6082-T6 aluminium alloy. 
Density [kg/m3] σyield [MPa] σrupt [MPa] Elongation [%] E [GPa] 
2700 276.2 322.9 17.5 67.1 
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Fig. 1. Stress-Strain curve representative of the 6082-T6 aluminium alloy. 
 
3. Fatigue crack growth tests 
3.1. Test procedure for measurement of fatigue crack growth rates 
In this study, fatigue crack growth tests were carried out according to the ASTM E647 Standard. This American 
Standard presents the test method for the measurement of the fatigue crack growth rates. According to the standard, 
the test method covers the determination of fatigue crack growth rates from near-threshold to Kmax controlled 
instability. Results are expressed in terms of the crack-tip stress intensity factor range, ΔK, defined by the theory of 
linear elasticity. 
This standard uses the compact tension specimen, CT, which is a single edge-notch specimen loaded in tension. 
The geometry of the standard CT specimen is given in Figure 2. The thickness, B, and width, W, may be varied 
independently within the following limits, ܹȀ20≤ܤ ≤ܹ/4. 
 
 
Fig. 2. Standard CT specimen for fatigue crack growth rate testing. 
The formulation to determine the stress intensity factor range, ΔK, for the CT geometry is included in the ASTM 
647 standard, and shows the following form: 
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where: α=a/W; a is the corresponding crack size, measured from the line of application of the load; ΔF is the force 
range; B and W are the thickness and nominal width of the CT specimens, respectively. The relation (1) is valid for 
a/W>0.2. 
The above referred standard suggest that before the effective crack growth measurements, a precracking of the CT 
specimen is required to provide a sharpened fatigue crack of adequate size and straightness which ensure that the 
effect of the machined starter notch is removed from the specimen K-calibration and the effects on subsequent crack 
growth rate data caused by changing crack front shape or precrack load history are eliminated. Crack sizes must be 
measured on the front and back surfaces of the specimen with increments within 0.10 mm or 0.002W, whichever is 
greater. If crack sizes measured on front and back surfaces differ by more than 0.25B, the pre-cracking operation is 
not suitable and subsequent testing would be invalid under this test method. 
The K-decreasing procedure for da/dN<10-8 m/cycle is started by cycling at ΔK and Kmax level equal to or greater 
than the terminal precracking values. Subsequently, forces are decreased as the crack grows, and test data are recorded 
until the lowest ΔK or crack growth rate of interest is achieved. In the K-decreasing test, the value of C is normally 
negative. These tests are conducted by shedding force, either continuously or by a series of decremental steps, as the 
crack growths. 
In the K-increasing procedure the value C is normally positive. For the standard specimens using the K-increasing 
procedure, the constant-force-amplitude test will result in a K-increasing test where the C value increases but is always 
positive. 
The experimental crack propagation data relates the crack propagation rate to the stress intensity factor range, using 
the power law as proposed by Paris and Erdogan (1963): 
��
�� � � ∙ ��
� (2) 
where da/dN is the fatigue crack propagation rate, ΔK represents the stress intensity factor range and C and m are 
material constants. 
The main result of the fatigue crack propagation tests corresponds to the fatigue crack propagation rates as a 
function of the stress intensity factor ranges. The fatigue crack propagation rates were determined using the 
incremental polynomial method, as stated in ASTM E647 standard. This method is based on the adjustment of 2nd 
degree polynomials to successive sets of experimental data points which define successive lengths of the crack as a 
function of the stress intensity factor range. The fatigue crack propagation rate results from the derivative of these 2nd 
degree polynomials, which are expressed as a function of the stress intensity factor ranges. 
3.2. Experimental results 
The fatigue crack growth rates behavior were tested in 3mm thick plate of 6028-T6 aluminium alloy according to 
the ASTM E 647 standard. The experimental tests were carried out on a computer controlled servo-hydraulic MTS 
100 kN at a room temperature. The crack propagation was monitored with two traveling microscopes with resolution 
down to 0.01 mm, using digital rulers (see Figure 3). 
Two different notches in the CT specimens were chosen for the fatigue crack growth analysis. The V notch and 
curved notch geometries were selected to make this study (see Figure 4). All the dimensions were consistent with the 
ASTM E647 standard, differing from each other only in the notches. For each different notch geometry three 
specimens were considered. All the specimens were tested with a stress R-ratio equal 0.1. Figure 5 represents the 
specimens for each notch geometry, after the final of the fatigue crack propagation test. 
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than the terminal precracking values. Subsequently, forces are decreased as the crack grows, and test data are recorded 
until the lowest ΔK or crack growth rate of interest is achieved. In the K-decreasing test, the value of C is normally 
negative. These tests are conducted by shedding force, either continuously or by a series of decremental steps, as the 
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In the K-increasing procedure the value C is normally positive. For the standard specimens using the K-increasing 
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function of the stress intensity factor range. The fatigue crack propagation rate results from the derivative of these 2nd 
degree polynomials, which are expressed as a function of the stress intensity factor ranges. 
3.2. Experimental results 
The fatigue crack growth rates behavior were tested in 3mm thick plate of 6028-T6 aluminium alloy according to 
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100 kN at a room temperature. The crack propagation was monitored with two traveling microscopes with resolution 
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specimens for each notch geometry, after the final of the fatigue crack propagation test. 
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Figures 6 and 7 exhibit the fatigue crack propagation rates of the 6028-T6 aluminium alloy, for the two notch 
geometries tested with stress R-ratio, R=0.1. The scatter level, for the CT geometry with circular notch is higher than 
observed for the standard CT geometry. Nevertheless, both sets of results show a very good correlation. The threshold 
values of stress intensity factor range was estimated using the K-decreasing procedure proposed in ASTM E 647 
standard. The results are presented in Table 3 and it is possible to observe that the values of ΔKth are higher for the 
CT geometry with initial circular notch when compared with the results of the standard CT geometry with V notch. 
Table 4 presents the Paris’s law constants determined through a linear regression analysis performed on the 
experimental data log(da/dN) versus log(ΔK). The experimental results of the crack growth tests, for the two CT 
geometries under study, exhibit similar values, resulting similar Paris’s law constants. 
Despite the two types of CT geometries resulted in similar fatigue crack growth rates in the fatigue crack 
propagation regime II, the fatigue crack propagation thresholds resulted significantly distinct between the two types 
of CT specimens investigated in this work. The circular notch CT specimen resulted in significantly higher crack 
propagation threshold. 
 
Table 3. Threshold values of the stress intensity factor range from the tested CT specimens 
Ref. Specimen Notch Geometry R=min/max 
Regime II of the Paris law ΔKth 
ΔKmin ΔKmax 
P-01 
V notch 0.1 
286.51** 398.28** 273.21** 
P-02 310.42 865.32 229.82 
P-03 312.71 786.63 263.45 
Average 311.57 825.98 246.64 
P-05 
Circular 
notch 0.1 
438.21 747.33 412.22 
P-06 398.85 814.17 365.33 
P-07 424.06 765.43 348.00 
Average 420.37 765.64 375.18 
* K in N.mm-1.5 
** excluded test of the analysis due to overload 
 
 
Table 4. Constants of Paris Law obtained for the tested CT specimens. 
Ref. Specimen Notch Geometry R=min/max 
da/dN = C.Km R2 
C m 
P-01 
V notch 0.1 
5.9097E-18** 5.3067** 0.8807** 
P-02 3.2642E-12 3.0192 0.9830 
P-03 8.3275E-11 2.4813 0.9852 
P-02+P-03 3.0519E-11 2.6477 0.9744 
P-05 
Circular 
notch 0.1 
1.1256E-09 2.062 0.8914 
P-06 6.5816E-12 2.8654 0.9643 
P-07 3.1208E-12 3.0026 0.9492 
P-05+P-06+P-07 1.1551E-11 2.7845 0.9327 
* da/dN in mm/cycle and K in N.mm-1.5 
** excluded test of the analysis due to overload 
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Fig. 6. Fatigue crack growth data for the 6028-T6 aluminium alloy: standard CT geometry. 
 
 
Fig. 7. Fatigue crack growth data for the 6028-T6 aluminium alloy: CT geometry with circular notch. 
4. Conclusions 
The study aimed at characterizing the fatigue crack propagation rates behavior of the 6028-T6 aluminum alloy 
using for this purpose two distinct configurations of notches (sharp and curved notches). The configuration of the 
notch appears to have an important effect in the estimation of the ΔKth, the round notch resulting in higher value of 
stress threshold. The K-decreasing procedure of the ASTM E 647 standard demonstrated to be efficient in 
determination of ΔKth. The constants of the Paris law are similar for the two CT geometries studied, such as expected. 
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